The recent WMAP data have confirmed that exotic dark matter together with the vacuum energy (cosmological constant) dominate in the flat Universe. Supersymmetry provides a natural dark matter candidate, the lightest supersymmetric particle (LSP). Thus the direct dark matter detection is central to particle physics and cosmology. Most of the research on this issue has hitherto focused on the detection of the recoiling nucleus. In this paper we study transitions to the excited states, focusing on the first excited state at 50 keV of Iodine A=127. We find that the transition rate to this excited state is about 4 percent of the transition to the ground state. So, in principle, the extra signature of the gamma ray following its de-excitation can be exploited experimentally.
Introduction
The combined MAXIMA-1 [1] , BOOMERANG [2] , DASI [3] and COBE/DMR Cosmic Microwave Background (CMB) observations [4] imply that the Universe is flat [5] , and that most of the matter in the Universe is dark, i.e.
exotic. This has been confirmed by the recent WMAP data [6] and SDSS results [7] . From all obtained results of interest to us here are the following: In fact the DAMA experiment [9] has claimed the observation of one signal in direct detection of a WIMP, which with better statistics has subsequently been interpreted as a modulation signal [10] .
Supersymmetry naturally provides candidates for the dark matter constituents [11] , [12] - [15] . In the most favored scenario of supersymmetry the LSP can be simply described as a Majorana fermion, a linear combination of the neutral components of the gauginos and higgsinos [11] , [12] - [19] . In most calculations the neutralino is assumed to be primarily a gaugino, usually a bino. Models which predict a substantial fraction of higgsino lead to a relatively large spin induced cross section due to the Z-exchange. Such models have not seriously been considered, since they violate the relic abundance constraint. The upper bound on this constraint has, however, been decreased by the recent WMAP data. In fact the LSP relic abundance (including co-annihilations) is:
• Limit before WMAP:
• Limit after WMAP:
These stringent constraints, however, do not affect the LSP density in our vicinity derived from the rotational curves. Hopefully the detection rates due to the spin [20] , [21] , [22] may be large enough to possibly be exploited by the experiments. The axial current allows one to populate excited states, provided that their energies are sufficiently low so that they are accessible by the low energy LSP. As a matter of fact the average kinetic energy of the LSP is:
< T >≈ 50 keV m χ 100 GeV So for sufficiently heavy LSP the average energy may exceed the excitation energy, e.g. of about 50 keV for the excited state of 127 I. In other words one can explore the high velocity window, up to the escape velocity of υ esc ≈ 570 km/s. From a Nuclear Physics point of view this transition is not expected to be suppressed, since it is of the type (5/2) + → (7/2) + , i.e.
Gamow-Teller like.
The LSP-Nucleus Cross Section
In the context of supersymmetry one can calculate the isoscalar and the isovector axial current components at the quark level. Going from the quark to the nucleon level, however, is not trivial in the case of the isoscalar current, since most of the proton spin is not due to the quark spins (proton spin crisis-EMC effect). On the other hand the transition from the quark to the nucleon for the isovector is well understood. Thus one finds:
Once the LSP-nucleon cross section is known, the LSP-nucleus cross section can be obtained. The differential cross section with respect to the energy transfer Q for a given LSP velocity υ can be cast in the form
where we have used a dimensionless variable u, proportional to Q, which is found convenient for handling the nuclear form factor [26] F(u), namely
µ r is the reduced LSP-nucleus mass and b is (the harmonic oscillator) nuclear size parameter. In the above expression we have neglected the small vector and pseudoscalar terms.
µ r (p) ≈ m p is the LSP-nucleon reduced mass and
σ spin p,χ 0 and σ s p,χ 0 are the nucleon cross-sections associated with the spin and the scalar interactions respectively and
As we have already mentioned the existing experimental limits imply that the scalar LSP-nucleon cross section satisfies: σ s p,χ 0 ≤ 10 −5 pb. The constraint on the corresponding spin cross-section is less stringent.
A number of nuclear spin matrix elements for a variety of targets have become available [23] - [31] . Some static spin matrix elements [23] , [25] , [26] for some nuclei of interest are given in table 1. The spin matrix elements appearing in the table are defined as:
where by double bar we indicate the reduced matrix element as defined in standard textbook as e.g the one by Edmonds. The < S k > , k = p, n, are defined in the literature, e.g. Ressel and Dean [25] . [31] . In all these calculations it appears that the spin matrix element is dominated by its proton component, which in our notation implies that the isoscalar and the isovector components are the same. In these calculations there appears to be a spread in the spin matrix elements ranging from 0.07 up to 0.354, in the notation of Ressel and Dean [25] . This, of course, implies discrepancies of about a factor of 25 in the event rates.
In the present work we are primarily interested in the spin matrix element connecting the ground state to the first excited state. As we have mentioned, however, it is advantageous to compute the branching ratio. In addition to factoring out most of the uncertainties connected with the SUSY parameters and the structure of the nucleon, we expect the ratio of the two spin matrix elements to be more reliable than their absolute values. Thus this ratio is going to be the most important factor in designing the experiments to detect the rate to the excited state.
In order to have for Z = 53 single particle orbits suitable for the above states, close to the Fermi surface [32] , namely [402, 5/2] and [404, 7/2] proton orbits, one should consider oblate deformation [33] . The value of the deformation, however, is not very well defined. To this end one should explore the spectrum of this system and combine information obtained from it with data on the neighboring systems T e and Xe. On notices that on the above band heads ∆J = 2 rotation aligned coupling bands are built [34] . From the spectra one may also conclude that the 7/2 + data most likely correspond to a deformed band. The 5/2 data correspond to a highly perturbed band or to a spherical vibrator. Other people have considered triaxial shapes, see ref.
9 of Shroy et al [34] . So we will take it as an educated guess that a description in terms of a rotor plus a particle with relatively large oblate deformation provides a reasonable description of this nucleus.
Given the above framework one may eventually have to do a self-consistent calculation, which will yield both the single particle states and the equilibrium deformation. At this exploratory stage, however, we were merely interested in testing the rather crude collective model contentions discussed above. To that effect we found it appropriate to take as simple, and easy to read, as possible the single particle substrate of our description. Thus to estimate the spin matrix elements, in the present simple spectroscopic study, we have proceeded in the following oversimplified fashion:
• Make a big leap in history to Nilsson's thesis [32] .
• Compute the spin proton matrix elements involving the above bare single particle states for three choices of oblate deformations.
• include the effect of the Coriolis coupling for the 7/2 + .
The relevant deformation parameter η is defined [32] as 
The numerical values for these coefficients in the above order of the η's are: One may also have to consider the effect of the Coriolis coupling, see e.g. [35] , between the I = 7/2 and the K = 5/2, 7/2 bare single particle states with the Hamiltonian matrix as follows:
for the diagonal term. For the off-diagonal term one has:
Where one has to adopt a reasonable value for the moment of inertia J. With the above wave functions we find the ground state spin matrix elements: < S p >= 0.166 , < S n >= 0, which are in good agreement with Iachello et al [28] and Nikolaev and Klapdor-Kleingrothaus [29] , but substantially smaller than Ressel and Dean [25] . In our notation this leads to:
This value is also smaller than the more recent result [31] . For the transition to the excited state we have obtained:
Thus the spin matrix element, left to itself, seems to yield an enhancement of about a factor of two for the transition to the excited state.
4 Expressions for the rates he differential non directional rate can be written as
where dσ(u, υ) was given above.
For a given velocity distribution f(υ ′ ), with respect to the center of the galaxy, one can find the velocity distribution in the lab frame f (υ, υ E ) by
where υ 0 is the sun's velocity (around the center of the galaxy) and υ 1 the Earth's velocity (around the sun). The velocity of the earth is given by
In the above formulaẑ is in the direction of the sun's motion,x is in the radial direction out of the galaxy,ŷ is perpendicular in the plane of the galaxy (ŷ =ẑ ×x) and γ ≈ π/6 is the inclination of the axis of the ecliptic with respect to the plane of the galaxy. α is the phase of the Earth in its motion around the sun (α = 0 around June 2nd).
Folding with the velocity distribution we get:
where
5 Rates and branching ratios
To obtain the total rates one must integrate the expression (9) over the energy transfer from Q min + E exc determined by the detector energy cutoff to Q max determined by the maximum LSP velocity (escape velocity, put in by hand in the Maxwellian distribution), i.e. υ esc = 2.84 υ 0 , υ 0 = 229 km/s.
In the present calculation we are not interested in the absolute value of the event rates. We will, instead, estimate the ratio of the rate to the excited state divided by that to the ground state (branching ratio) due to the spin.
We find:
where S gs (0) and S exc (0) are the static spin matrix elements evaluated via Eq. 4. This ratio of the static spin matrix elements is essentially independent of supersymmetry, if the isoscalar contribution is neglected via the EMC effect:
with i standing for the ground state and the excited state respectively. As we have mentioned the dependence of S(u) on the energy transfer is extremely mild and it can be neglected. Thus we get:
with
and with Erf (x) the well known error function:
The parameter α is the phase of the Earth in its motion around the Sun (α = 0 on June 3nd), while the quantities h exc and h describe the effect on the event rate of the Earth's motion. They can only be obtained numerically and are not going to be discussed in detail here (for more information see our earlier work [22] ).
Taking the ratio of the static spin matrix elements to be 1.90 and assuming that the spin response functions are identical, we calculated the ratio The the same as in Fig. 2 for the modulation amplitude h exc for the transition to the excited state. 
